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Abstract
It is well-known that the Meissner eﬀect in superconducting materials can be used to provide a well-deﬁned non-
adiabatic magnetic ﬁeld transition that can be utilised to produce an eﬃcient white beam neutron spin ﬂipper. Typically
these devices utilise niobium and hence require continuous use of liquid helium in order to maintain the device tem-
perature. The use of high Tc materials removes the need for cryogens and has been explored previously and shown to
provide eﬃcient ﬂipping of the neutron spin. Improvements in thin high Tc ﬁlms over the past few years make these
materials even more attractive.
Here we present a design using a 350-nm-thick YBCO ﬁlm capped with 100 nm of gold on a 78 x 100 x 0.5 mm
sapphire substrate (Theva, Germany). The apparatus is compact (200 mm in length along the neutron beam), consisting
of an oxygen-free high-conductivity copper frame, which holds the YBCO ﬁlm and is mounted to the cold ﬁnger of a
closed-cycle refrigerator. The part of the vacuum chamber, where the YBCO ﬁlm is located, is ≈ 50 mm wide, which
allows us to minimise the distance from the ﬁlm to the external magnets. This distance is 26 mm on each side. The
details of the guide ﬁeld design are also discussed. In this design, the maximum neutron beam size that can be used is
40 × 40 mm2 and we can easily switch from a vertical to a horizontal guide ﬁeld on either side of the YBCO ﬁlm.
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1. Introduction
In nearly all polarised neutron experiments the reversal of the neutron spin polarisation from parallel to
anti-parallel to the magnetic ﬁeld is essential. There are a number of devices, which are able to perform
such reversals. These use either Larmor precession or an abrupt reversal in the applied magnetic ﬁeld [1, 2].
The choice of device used depends upon the experimental requirements. A useful discussion of diﬀerent
ﬂipper types is provided in reference [1]. The various ﬂippers have speciﬁc eﬃciencies, setup times, sizes,
wavelength ranges and beam sizes. Some have material in the beam (for example [3]) which can create
additional unwanted scattering and some are strongly sensitive to stray magnetic ﬁeld (for example [4, 5])
and have long set-up and calibration times, especially for white beams.
One device which is relatively simple to setup and operate is the cryo-ﬂipper [6]. As pointed out in
reference [2] this name is a misnomer as the device is speciﬁcally a magnetic isolator. It uses a super-
conducting sheet, which creates an abrupt and hence non-adiabatic transition between two magnetic ﬁeld
regions. Current designs utilise Nb foil, cooled using cryogens to a temperature below its superconducting
transition temperature of ≈ 9 K. However Yttrium Barium Copper Oxide (YBCO) superconducting ﬁlms
are now commercially available which are superconducting at higher temperatures (≤ 80 K). This eliminate
the need for cryogens to cool the device because these low temperatures can be achieved using a closed
cycle refrigerator (CCR). This simpliﬁes the device, lowers the maintenance requirements and cost of op-
eration. Unlike Nb, YBCO ﬁlms are single crystals and can be grown on single crystal sapphire. This is
highly transparent to neutrons and should not produce any small angle scattering, unlike Nb where small
angle scattering can occur from grain boundaries and voids. However the typical lower critical ﬁeld (Hc1)
in YBCO superconductors is ≈100 G compared to ≈200 G in Nb, thus YBCO based devices may not be as
eﬀective at screening stray magnetic ﬁelds such as those produced by high ﬁeld magnets. In the following
we discuss, the design of a high Tc cryoﬂipper and present measurements of small angle neutron scattering
(SANS) from a prototype device.
2. Device design
The device consists of two electromagnets outside a short, rectangular cryostat, which contains the
YBCO ﬁlm. The whole device is 200 mm long along the beam axis. The device can accept either a
horizontal or vertical guide ﬁeld. Sapphire windows on either side of the cryostat allow for high neutron
transmission whilst minimising parasitic scattering and background eﬀects. The housing incorporates a
standard commercial CCR (Sumitomo CH-204, USA). The vacuum vessel is fabricated from aluminium to
reduce magnetic contamination. The lower section of the body has a rectangular section (ﬁgure 1 (a) (50
mm wide)) allowing the electromagnets to be placed close to the ﬁlm. In vacuum tests the vessel reached a
base pressure of ≈ 3 × 10−6 mbar and cryo pumping lowered this to ≈ 7 × 10−7 mbar at a base temperature
of 47 K on the outside of the radiation shield.
The radiation shield consists of two thin aluminium pieces (0.5 mm thick) mounted away from the
YBCO ﬁlm yet maintaining good thermal contact with the oxygen free copper mount onto which the YBCO
ﬁlm is secured. The YBCO ﬁlm is secured to the frame using screws incased in nylon washers, which
maintain the ﬁlm in good thermal contact with the frame, yet allow for expansion and contraction of the ﬁlm
during the cooling/warming of the device (ﬁgure 1 (b)). The ﬁlm used has a high critical temperature (87 K)
and is commercially available (Theva, Germany). It consists of a 78 x 100 x 0.5 mm sapphire substrate with
a 40 nm CeO2 buﬀer layer onto which is grown a 350 nm thick YBCO ﬁlm, capped with 100 nm of gold.
3. Electromagnet design
The electromagnets on either side of the YBCO were designed using RADIA, a 3 dimensional magneto
statics code [7, 8]. This allowed a systematic variation of the parameters and calculation of the expected
magnetic ﬁeld strength and direction at the YBCO ﬁlm position. The YBCO was modelled as a linear
anisotropic material with a susceptibility (=-1) in the directions both parallel and perpendicular to the surface
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Fig. 1. (a) Schematic of the cryostat tail, showing YBCO ﬁlm placement and arrangement of the aluminium radiation shields. (b) The
YBCO mounting on the oxygen free copper mount on the CCR head (no radiation shield). The YBCO ﬁlm is under the gold capping
layer. (c) RADIA magnetic ﬁeld simulation code model used to simulate the device, showing outer mu-metal box, coil windings (dark
green), iron pole pieces (blue) and superconducting ﬁlm (light green) note the coordinates are utilised in ﬁgure 2(a). (d) The device
mounted on the SESAME polarised beamline at LENS.
and with a small (10−8 T) ﬁnite remnant magnetisation. The electromagnet consists of iron pole pieces,
solenoid coils and a mu metal box. The mu metal box was fabricated from 1mm thick mu metal and held
within an aluminium retaining structure to limit stresses on the material. The physical separation of the
pole pieces is 52 mm. During the simulations the following design rules were found for the electromagnet:
(i) the pole piece separation needs to be narrower than the ﬁlm, otherwise ﬂux will traverse the regions
between the two electromagnets. (ii) the pole pieces need to be aligned with the entrance and exit of the mu
metal box, otherwise ﬂux is wasted. (iii) the mu metal box needs to be rectangular with the pole-pieces and
electromagnets mounted on the long edge.
Further improvements or miniaturisation could be achieved by shaping the pole pieces with a curvature
as performed at ILL [9] although this does not reduce the length along the beam axis. Our design has a
solenoid with 170 turns and simulations show this provides a minimum Bz of 12 G perpendicular to the
ﬁlm. Over the beam footprint (40 × 40 mm) the magnetic ﬁeld is highly uniform, as shown in ﬁgure 2 (a).
The electromagnets can be mounted in either a horizontal or vertical direction as necessary for a particular
guide ﬁeld conﬁguration. Running at 5 A the calculated heat load was 33 W and therefore these simple
electromagnets can be air cooled.
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Fig. 2. (a) Radia simulation results for the magnetic ﬁeld at one side of the YBCO ﬁlm. The ﬁeld is produced by an air cooled guide
ﬁeld electro-magnet described in the text. The guide ﬁeld pole pieces are shown in blue. Note, the z-y plane is parallel to the YBCO ﬁlm
surface with x into the ﬁlm. The vector drawn is the projection of B in a plane parallel to the ﬁlm. (b) Comparison of scattering through
1mm of water and scattering through the cryo-ﬂipper as a function of Q. Note that the sample includes the YBCO ﬁlm, substrate,
sapphire windows and radiation shield, as shown in ﬁgure 1(a)
4. Small angle neutron scattering results
In order to check the assertion that the SANS contribution is negligible a series of tests were performed
using unpolarised neutrons at the LENS [10, 11] SANS instrument. The SANS instrument has a Beryllium
ﬁlter and neutrons from 4Å−16Å. It utilises a pin-hole collimation with a calculated neutron ﬂux of ≈ 2×104
neutrons/cm/second. The device was tested with a beam size of 16mm, deﬁned by a Cd mask in front of the
entrance sapphire window and a sample to detector distance of 2.1m.
The device was investigated in three conditions. The ﬂipper at room temperature, the device when
cooled in earths ﬁeld and thirdly the device cooled in a mu-metal box. The second two measurements
were to check for vortex eﬀects. In all cases, no change in scattering was observed from the instrumental
background. Furthermore the scattering was negligible compared to 1mm of water (see ﬁgure 2 (b)). From
these measurement a wavelength independent transmission of 98.4±0.1 % was calculated.
5. Summary and discussion
In this work a design for a compact cryo-ﬂipper has been presented. This design is simple and can be
easily replicated. The large area high Tc ﬁlm has been shown to be free of SANS and hence these materials
may be of use for spin manipulation in SANS and reﬂectivity experiments. The device has been tested on
the polarised beamline SESAME [12] at LENS [10, 11] and full details of performance will be reported in
a later publication.
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